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SYNOPSIS 


A complete system design for interfacing a Teleprinter 
Unit to a small digital computer is discussed in detail* The 
system has been tested out using DEC Modules and will be 
implemented using modules developed at Indian Institute of 


Technology, Kanpur 
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CHAPTER I 


IIWRODUCTIOH 


The input-cutput device provides a means of communication between 
the computer and the outside vrorld. A wide variety of devices is 
availo.ble for this purpose. The choice of the device to be used depends 
primarily oh the application to vhich the ^stem is to be put. A 
Teleprinter unit is quite suitable for use with a small digital computer. 
There is also the possibility of using it as a remote unit to a larger 
system at a later stage. In order to use indige»*©usly made components 
and devices to the extent possible, -it ms decided to use the 
Hindustan Teleprinter Unit Model TP-CH. 

A Teleprinter is essentially a serial device. Furthermore, due 
to . "tile presence of electoromechanical components, it is also a slow 
device compared to the speed of the electronic circuits used in the 
system. These characteristics impose certain constraints on the design 
of the interface system. The disadvantages of a slow speed input/ 
output C6m be partially offset by overlapped operation, i*e. vfaen the 
input/outp«t unit is husy^ the CPU can perform other functions within 
the computer. 

Serial -tc-parallel conversion (and vice versa) vdll be necessary 
and can be accomplished by use of bxiffer registers. Buffers are 



temporrary storage locations into ’^foich inform- -.t ion from one medium 
can be read-in at one and then read-out at a different rate. 

Parallel transfer of inform, .tion is also possible in these registers. 

One additional problem involved in the process is that of code 
conversion. The standard Teleprinter code is not siiitable for use in 
computers vhere the digits 0 through 9 are coded in their straight 
binary order. This would normally involve the use of a matriz array 
of diodes/transistors. An economical solution to the problem can be 
obtained by inverting ,and/cr transposing the information pulses. For 
this purpose, the Key Board pattern and hence the Type Bar settings on 
the Teleprinter unit have to be modified. As a result, only a simple 
logic is required to convert a portion of one code group to another. 

Two modes of operation of the unit are needed - BCD and OCTAL. 

In BCD mode, a word in computer memory would be composed cf two, six- 
bit characters; -rfaereas in OCTAL mode, there are four, three-bit octal 
digits to a word. 

One other feature necessary is the EMSE facility. It is always 
possible to mistype a character waile keying-in the information. In 
such a case, by pressing the ERASE button (on the console) the whole 
vrord is cleared and the operator can now re-enter the word. 



CHAPTER II 


THE TELEPEIITTER 


Main Features 

The input-output device to be used in connection with the 
small digital computer is the standard Hindustan Teleprinter, Model 
T2-CN (Page, Automatic, Send -Receive type). Typing-in of information 
is limited by the speed of the operator while the printing' -out of 
information is done at a rate of uptc 400 characters per minute. The 
teleprinter can also read-in or punch-out perforated paper tape at a 
rate of 400 characters per minute. Signals transferred between the 
teleprinter and the control logic are the standard, serial, 7*5 unit 
code. The signals consist of SPACES and MARKS, vdaich correspond to 
POSITIVE and ITEG-iiTIVE bias currents in the teleprinter and to logical 
ORES and ZEROS in the control and the computer. The START space and 
the subsequent five inforiiExtion bits are one unit of time dxiration each 
(one unit of time being equal to 20 m sec) and are followed by a STOP 
mark of one rnd half units of time duration. Thus it takes a total of 
150 m sec to transmit one character, as illustrated in figure 2,1 for 
a typical character, say A. 

The five bit code used by the Teleprinter is 1he standard 
CCITT, five-unit, Ho. 2 code. With five, bits, we can code 32 
characters, each of vhich may represent a letter or a figure. This 



a fi/?ure. 
effect 


makes for a tot i 

of 64 combinations. Twenty six of these, have been 
chosen to re'Dre'?on+ + 

two alphanumeric characters each : a letter and 
special shift characters, LETTERS and FIGURES, vhose 
■“'-i-i- cnanged, serve to discriminate between the two 

cho.racters of th^ c 

■^0 same code. The standard code set is illustrated 

in Appendix B. 

Peatm^ 

Motor: The teleprinter is driven by a commutator-type 
motor. 

Iwo colour printing: To provide an easy means of 

'distinguishing between the out-going and the 
incoming messages, the Teleprinter prints the 
former in red and the latter in ELACE. 

Rta 4 idat key: The printer is fitted with a Run-out key 
v-feich uninterruptedly sends the combination 
corresponding to the last key pressed down by 
the operator. 

nUvje of code-conversion problems, certain modifications were 

introduced on +■>lr^ w 

ne Key Board of the Teleprinter Unit. These details 
ta the fouowlhs chapter. 



CHiiPTER III 


MOSIPIC.lTIQgS TO THE EXISTING TELEPRINTER 


The standard coding of characters in the Teleprinter is not 
suitable for use in a digital computer. In the computer, numerals 
0 through 9 are coded in their straight binary order. This involves 
the use of code conversion matrices. However, we simplify the problem 
by a slight modification of the bit pattern so that the digits 0 
through 9 are obtained in their straight binary order directly from 
the Teleprinter. This necessitates a modification of the Key Board 
pattern <and the Type Bar Settings. These modifications, alongwith the 
modified codes, are diown in the Appendix C. 

nth five bits, vre can have 32 combinations; of these, only 26 
are used for alphanumeric information. By inspection of the standard 
code set we find that the normal binary codes corresponding to digits 
0 and 4 are not included in this set of 26. Hence we need to modify 
the bit pattern to ensure tteit the straight binary configurations for 
all digits 0 to 9 will come within this set. A digital cmputer 
program was written to find the minimal key board pattern allowing 
for inversion and/or transposition of signal bits. 

Consider the bit pattern for the characters Y (letter ^ift)/ 

6 (figure ^ift): 


0 10 1 0 




Here we observe that by complementing bits two and four, thia code 

can very well represent the digit zero. This inversion should, of 

course, be consistent for all characters (in the same relative 

positions also); f-urthermore , digits 0 thjrough 9 should be included 

in this set. In fact the program written for this purpose tried out 

all possible combinations of bit patterns (normal and complemented 

like for instance, one case may be vsith bit 1 in'ver'tecl, another may 

be with bits 2 and 3 inverted and so on) and came up with four possible 

alternatives (Refer; Appendix d). Out of these, set 3 was selected as 

it involved a minimum number of inversions (bits two and four only). 

Thus vdaat was originally the code for niomber six would now be the code 

for nuaber zero. In order to ease typing in the new code, this will 

mean replacing the key for, digit six mth that for digit zero. If we 

did not attempt to do this, the operator will have to use a chart 

depicting the relation betv/een the original key board set and the 

corresponding character set after modifications. This monotony on 

the port of the programmer is avoided by simply inter- changing the 

and 

relevant keys on the Key Board_Also modifying the Type .Bar settings 
accordingly. ®iese charts, of the original and the modified settings, 
are illustrated in Appendices 01 and 02. lldth the new Key Board 
arrangement, liie code aret by the Teleprinter for the character keyed- 
in is directly entered into 'the shift register, of course, after 
complenentirg the second and the fourth bits. This v®.y we have 



novr solved (or, in fact, avoided) the problem of elaborate 
code -conversion matrices, ’.faat v;e need is only a simple logic 
to complement the necessary bits. 



CHAPT3SR IV 


IEPDT/OUTPUT COM'ROL UlfIT 

overall functional block diaigram of the input/output unit 
iind its interaction with the rest of the computer is shown in figure 
4.1 . Here we observe that both Reading-In and Printing-Out of 
information are under program control. For each word to be read-in 
(printed-out) the CPU sends over to the input/output control unit 
a lE/iD (Ti?RITE) p\ilse and a mode selecting signal (BCD or OCTAL). 

These information act on liie input/output control logic and depending 
on the mode selected, either two or four characters aie Read-In 
(Pnnted-Out ). At the end of this operation the input/output control 
unit sends out an OP COMPLETE signal vtiich is comerted into a level 
(by resetting a flip flop) and then transmitted on to \he CPU. Since 
it takes a fairly long time to read -in (print-out) information from 
the Teleprinter , the CPU can perform other functions during the' 
period and at specific instants, it can interrograte the OPCOMELETE 
line to see whether the input/output is complete or not. The 
OPCOMPLETE line is normally down (in the logical OHB state) when 
neither reading-in nor printing -out , However, as soon as either of 
these operations begin, the line goes Up (to the logical ZERO state) 
signifying thctt the input/output is busy and continues to stciy • 





in that state till the input/output is complete. 

A complete logic of the input/output and its control is shown 
in figure 4.2. In the following chapters, the Input and Output 
systems are discussed seperately. 



CHAPTER V 


lEPUT TO THE ■CCMPDTER 


The two basic problems in interfacing a Teleprinter Unit to 
a computer are : . 

1 . Serial -to-parallel conversion; and 
■ 2* Code translation 

The problem of code translation has been considerably simplified 
in our case by rearrangement of keys on the Teleprinter Key Board 
(chapter III). Serial -to-parallel conversion is achieved by assembling 
the serial information into a shift register. Preliminary processing 
of information is done at this stage after which the information is 
transferred to the Input/Output Buff r Register. 

The logic diagram of the Input to the computer and 

its associated timing diagram are shown in figures 5.11 and 5.1 B. 

Upon receipt of a READ command from the CPU, ihe READ flip 
flop is set thus enabling gate A1 to transmit information from the 
Teleprinter to the computer. Simultaneously, the OPCOMPIiETS line 
goes up (to the logical ZERO state) thus indicating to the CPU 
that the input unit is busy. The unit is now ready to read a word, 
composed of either two (bgB) or four (octAL) characters, into the 
computer memory. 
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The ESJffi cycle is now accomplished in two phases. In the 
first phase, information from the Teleprinter is entered into the 
sxx-bit Shift Register (indicated as SR1 through SR6 in Figure 
5.U). End of this operation is indicated by the generation of 
the pulse P6 at which instant processing of information in the 
Shift Register is carried out. in phase two of the operation, the 
character code in SR is shifted serially into the Input/Output 
Buffer Register (indicated as BRi through BR12 in figure 5. U). 

Under control from the CPU, either three or six bits are transferred 
depending on the mode selected '(OCTAI or BCD). 

We will now trace the path of information flow in the two 
phases with the aid of the logic diagram of figure 5-1 A and its 
associated timing chart of figure B^IB. 

Phase I 

When a key is depressed bn the Key Board of the printer, the 
corresponding character is transmitted in the form of a series of five 
coded impulses alongwith ST.fflT and STOP pulses to distinguish the 
beginning and end of each individual character. This pulse train, 
indicated as PO is first level adjusted to confirm to the logic 
levels of the electronic circuitary and passed through the gate A1 
vdiich has been enabled by a READ command frcm the CPU'. This level- 
adjusted waveform is indicated as P1 , P2 in the timing chart. 

The first ZERO-to-OUE state transition of P2 sets a START 
flip flop whose output is differentiated to yield a pulse P3. This 


pulse indicates the START of the character sequence with rtiich all 
operations in the system have to be synchronized. P3 then triggers 
a single shot (SS1 ) v^hose output P4 provides the gatii^ waveform to 
the shift clock generator. The delay period of SSI has been preset 
to gate exactly six pulses of tte astable. 

The Shift Clock Generator is ^own in figure 5.2. The gated 
actable is normally quiescent when no gating waveform is present; 
and IS triggered on by the input to produce square wave output of 
pulse width 10 m sec. it stays in the astabfi^stato for a period 
(equal to 120 m sec) specified by the gate input. The leading negative 
going edge of the output is differentiated and pulse-shaped (by 
passing through a single-shot) to obtain a pulse train having the 
following characteristics: 

i. the period of the pulse train is 20 m sec 
ii. there are exactly six pulses. 

IMs waveform, P5, is the shift clock to the shift register. 

llie REliP-IF to the Shift Register is obtained in the following 

manner. It vas mentioned earlier that alternate pulses of the 

information input, P2, have to be complemented before being entered 

into the SR. This is accomplished by the logic using the S’TITCH 

flip flop, gates A2, 13 and 01. This part of the input logic, with 

its timing ^ diagram, is repeated in figure 5-31 and 5.3B. 

flop is triggered by the Shift Clock P5,* its 
complementary outputs F16"and.P17 are then sampled alternately with 

, .... i' , , , , ■ . ' i.- ' , , 

P2' and P2 (the complementary input signals frem the Teleprinter). 


me resmti,^ logical OH of P18 and Hlg ia tde Ham-IE to the ®. 

It me mentioned earlier that only the second and the fourth bits 
Of the fire-unit code should be oomplp. Ho^yer, in the process 
abore, the SMT pulse is also complemented, fhis is of no consequence 
in the final analysis since the first bit is a SHOT bit which in any 
case i,to be™o4ifi,4 at a later stage. 

Bins the serial information from the Teleprinter has been 
entered into the shift register. The end cf this operation is 

ignalled by the trailing edge of the gating waveform, P 4 , 

Hiase II 

me pulse, P6, generated at the trailing edge at the one 
shot output signals the end of phase I. Before transferrit* the 

information from SB into BE, the following preliminary processings 
have to be performed. 

1> Illegal cha.rafa-ho» w'Vcvir- ' . 

me following Characters are used for printer control and 
initialisation and during EH4I.-IH need not be transmitted: 


Teleprinter Code 


letters shift 
hgures shiet 

CARRIAGE RETORN 
line EEED 
SPACE 

UEUSED 


0 0 0 0 0 

0 0 1 0 0 

1110 1 
f 0 1 1 , 1 

110 11 
11111 


Computer Oodfh 
A B C I> E 
0 10 10 

0 1110 
10 111 
1110 1 
1 0 0 0 1 
10 10 1 


»en any of these combinations is .sensed at the instant K appears, a 
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iHHiiHHH^fliliii 






p>a=e is routed through the nlegal character Check Matrix *loh 
re^s the ^ flip flop thus lodicatihg to «te control that the 

cter In the shift register tilll not be transferred to the 

Buffer Register# 

A tonaugh fcp reduction of the truth function of these 
combinations is shorn in figure 5.U. Erom this « get, 

T = ABDE + ACDE 4 - AEDE + ABCE 

A minimal realisation using Am and OH gates is shorn in 

figure 5.4B. OMs uses four 5-input ATO gates and one, 4 input 

OB gate, me same function, realised in terms of BOB gates, is 

shown in figure 5.4C. Here W need four 5-input one 4-input and 
one 2-input EOR gates. 

kifc JfeJmft . Si.anal m . 

node is interpreted ^^^e shift hit. l^r this puipose, «ie code 
entered in SE1 through SE5 is checked fcr the shift signal and 
correspondingly a SHIFT flip flop is set or cleared depending on 
the shift signal present, mse P7, obtained by delaying K 
elightly, is used to transfer the contents of the SHIFT flip flop 
into SE6. SHIFT flip flop „iu stay set or cleared depending on 
whether the last received shift signal was ISTTERS or HCDHES 

respectively, and for eveiy subsequent diaraoter SB6 will contain 
the ^e information he 


contrary is receiTed* 


A,;- ^ .“"I. 





IlSi 
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Wien -these operations have been o ompletea and the Information 
in SR is not one of the illegal characters, then the «ST flip flop 
stays set itoioh enables gate AS. Hie next phase of the opera-tlon 
is to transfer the contents of SR into BR nnder control from OHT 
depending on the mode selected (BCD cr OCTAL). 

In the case of BCD, gate AlO is enabled and all the six bits 
are traiismitted to BR throigh AlO and 02. itr OCTAL, gate A9 is 
enabled and only the three least significant bits are routed through to 
BE via gates A9 and 02. This transfer of infoxmation can be perfcrmed 
at an arbitrary rate; only condition being that the transfer ^ould 
be completed before the end of the STOP mark of the character period. 

A 10 KHz gated astabjewas chosen for diis purpose. In this case, 

« need either six (bcd) or three (OCTAL) pulses. The gating wave 
form, P11, is obtained from a flip flop ^ich sets at the instant 
P8 arrives and triggers the astalic 01. The astaUe output (after 
pulse-draping as before) is then covmted by a counter of three 
(octal) or six (bcd) #iich a ears the flip flop at the end of the 
proscribed count and hence turns off the astable. Thus we obtain 
the exact number of pulses, PI 2, cut of the astabl®. This PI 2 is then 
the shift clock to both the Shift Eegister and the Buffer Eegister 
as shewn. Depending on the mode selected, eitho? three or six bits 
are transferred from SR into BR with the least significant bit from 
SRI occupying BR1 of' Buffer Register. 



ae counter output, P14, is used to keep track of tlie number 
Of cbaracters being entered, me cbamcter counter is a t,.-bit 
counter ^cn counts either t,« or four pulses depending on *ether 
BCD or oom mode is selected, when the prescribed count is finished, 
the counter output clears the BBU) flip flop *ioh disables gate A1 
and thus one cycle of e™, operation is complete. Simultaneously, 
the OPOOMHSTE line goes down (to the logical OHE state) thus 
signalling to the OHJ that the HE.1D cycle is finished and the contents 
Of the input/output Buffer Segister can be transferred to the 



CHAPTER VI 


QUTPIJT IRCII IHE OOMPITTER 

In liiis stage, information frcm the Buffer Register has to be 
written out on the Teleprinter. The Buffer may contain either two 
characters (bcb) or four octal digits (OCTAL). In one cycle of 
WRITE operation, all the characters in the Buffer have to be 
printed out in a serial order starting with the most significant 
digit. 


A canplete logic of the output from the computer is illustrated 
in figure 6.1. 

WRITE ccamaand from the CPU sets a WRITE flip flop which enables 
gate ill to REAI^-IISr information frcsa the Buffer into the Shift 
Register, Simultaneously, the OPCCKEEiBTE line goes up (to the 
logical Zmo state) thus indicating to the CPU that the output unit 
is bu^. The Unit is now ready to execute one cycle of WRITE operation. 

The entire process of writing out one character on the Teleprinter 
is accomplished in two stages. 

Stage I ' ■ , 


Information from the Buffer is first transferred into the 
S»iift Register. This requires a shift clock which has either three 
or six pulses depending on the mode selected (OCTAL or BCD) from the 


CPU. ;The Shift Clock 


of a gated asta'^ whose 
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square ra.ve output is differentiated and pulse-shaped (by passing 
throu^ a single shot ) to obtain the shift clock. The gating waveform 
is obtained from the GATE flip flop which is set by the WHITE call 
from the CPU. The clock pulses are counted to either three or six 
by a counter and at the end of the prescribed count the GATE flip flop 
is cleared thus turning off the astable* Thus a precise number of 
shift pxilses necessary to transmit information from BR into SE is 
obtained. This Shift Clock is indicated as W4 and the ccunter output 
as 15 in figure 6.1. 

The information in SR is now ready to be fed into "ftie 
Teleprinter. However, at this instant, following preliminary 
oporations are carried out; 

1 » A REID OUT flip Hop is set ■vtiich enables gate 
A2 to transmit the information from the Shift 
Register into ihe Teleprinter. 

2. Slip Slop SE6 of the Shift Register is cleared. 

This enables the use of SR6 to store the START 
pulse while the information bits are stored in 
SR5 throvigh SRi . The content of SR6 is finally 
intearpreted as a SPACE impialse vhen the character 
is being serially fed into the Teleprinter^ Thus 
this pulse would represent the STiiRT of the 


character period. 



Now the character code in the Shift Register has to be fed 
serially into the Teleprinter. This is initiated by trigg^erring a 
single shotj SSI, ■vihose period has been preset to gate exactly 
six pulses out of a Shift Clock generator. The Single Shot 
output provides the necessary ^ting to the 50 C/s gated astab ie 
vshose square wave output is differentiated and pulse-shaped (by 
passing through a single shot) to obtain the shift clock, W7, as 
shown in figure 6.1. 

The signal read-out of the shift register is passed 

throiigh a simple logic to complement alternate pxfLses starting 

with the first pulse. This logic is discussed at length in the 

previous chapter on the Input to the computer. The resulting 

signal, vihlch is in the proper Teleprinter Code, is applied to 

drive 

the Drive Ciixjuit vihich provides the/necessary to the Teleprinter 
Receive ELectrcmiagnet. 

Ey the end of this transfer operation, a START impulse and 
five coded information impulses have been transmitted on the 
Teleprinter. The rest of the character period (30 m sec) is a 
marking impulse to represent a STOP signal. For this purpose, 
a single shot, SS2, of delay width 50 msec is now triggered on. 
The trailing edge of this single ^ot output, W13, indicates the 
end of the character period. 



This loarks the compietibn the print cut cf one character. 
The same procedure is repeated for all the characters in the Buffer 
The printing cut cf the second character is initiated right after 
the end of the first by routing the pulse \Vl3j generated at the 
trailing edge of the SS2 output, back to the gate 01 . Gate A3 
stays enabled by the output of the flip flop A till all the 
characters have been printed out. 

Ihe character counter is a two-bit counter which counts to 
either tvra cr foirr depending on the mode selected (BCD ur OCTAIi) 
under ccsntrol frcm the CPU. At the end of the prescribed count, 
flip flop A resets thus disabling gate A5. Similtaneously, the 
MRITB flip flop is also ireset- This (cnuses the GPCGMELETE line 
to go up (to the logical ZERO state) signalling to the CPU that 
the contents of the Input/output Register have been, printed out 
and liie Input/Output Ikiit is now free, further WRITE cycles can 
be initiated frcm ihe CPU by means of ®ITE commands alongvdth Ihe 
appropriate mode selecting signal (BCD or OCTAL). 
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LIST OF SYMBOLS 


A bar ( - ) over a Letter Symbol represents the maximun 
value of the variable? vhile a bcir below the Symbfl denotes the 
minimuia value of the parameter. 


cc 


Collector Supply Vcltage 


Collector Satiiration Voltage 

= Base-to-Bnttter Vcltage under saturation condition 
of the transistor 

« Cut-in voltage 


^ClCeat) 

^BE(Oll) 


I aa Colloctor-to-BaseLeakage Current (cut-off) 
OBO 

I = Collector Current 


R =s Collector load resistance 
G 


min 


Least value cf Collector-to-:te.se Current gain 
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APPENDTy >-R» 


mEERIMPE R ^NP GOSOTITBR COTOR 

mSl In the case of Teleprinter codes 

'0» Heprosents r. Marking impulse 
1 represents a Spacing impulse 


vxiiiHiiU'r h: 

lETTIES 

SHUT 

K 

PIGURES 

SHIPT 

stjIedard tele- 
printer CODE 
(CCITT,No.2CNIT) 

TELEPRINTER 
CODE, APTER 
MODIPIC ATTDWP! 

INTERNAL 

COMPUTER 

nnTM? 

A 

- 

00111 

00111 

01101 

B 

? 

01100 

10010 

11000 

0 

<• 

% 

10001 

1 0001 

11011 

B 

SI 

O1101 

f*0oo 

10110 

E 

3 

01111 

01001 

00011 

P 


01001 

11110 

10100 

G 

No 

10100 

10100 

11110 

H 

Rs 

11010 

11010 

10000 

I 

8 

10011 

0001 c 

01 000 

J 

EETIi 

00101 

00101 

01111 

K 

( 

00001 

00001 

01011 



10110 

10110 

11100 

M 

'f 

11000 

11000 

10010 

H 

> 

11 001 

11001 

1 001 1 

‘ ’ 

9 

11100 

00011 

01001 


0 

10010 

01010 

00000 





Q 1 

00010 

01011 

00001 

E 4 

10101 

01110 

001 00 

S \ * 

01011 

10011 

11001 

T 5 

11110 

01111 

00101 

U 7 

00011 

01101 

00111 

V 

10000 
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APPENDIX- 1> 



SOURC 


TATEMENT 


CAit CAtaCOOfel!^’^^^ 
CONTINUE ' ^ 

or; -'y I = 

DU i J^L,26 ; ' 


CuJ- 1( J,K) -TbhPC J»KJ 
L-^LL I ■sii/LRTCCLiUiuii^lI 
CALL CALCICODEII , 

C U:'i I I ’SU :: 




'J'l'.- 
i SN 


FORTRAN SQUHCL LIdT 


,13FTC 

INTEGER C0DeiC26,5i,C00E2(16} ,TEMP(26,:>I 
OIMLNSiON NAM€{2<il,NUKEYI 10) 

COMMON NAME:, TEMP, C00E2, NUKE Y 
HEAD 50, CNAMECU , ICOOEl II, J) ,1 = 1,26) 

50 FORHATI 2X, 1A6,5X,5U J 

read 53, INUKEYII ) ,1=1,10) 

53 FORMAT! 2X,IA6) 

PRINT 52 

" 52 FORMAT! IHI,20X,»CHARAGTER*,10X,«CODE*/). 

PRINT 55,{NAME(IJ,(C00EICI,J) ,J=1,5) , 1=1,25) 
55 F0RMATl23X,lA6,i0X,5Il) 

DO I 1*1,26 , ■ • 

00 I J*l,5 

TEMFJl,J)*CODeiM,J> 

^ , 

COOgaU)*!-! . ' - 

CALL CALC! COOED 
•:-t , DO 2 K*l,4 
KK*5tK 

, ./:;0O:2 JD1,KK ^ 

^ .. ^ V ' 

•'‘.j’ ..|fe , .. , 

'3:: CODSIlDJI^TEMPtltjl 


fortran SOURCE: LIST 


iSN 


SOURCE STATEMENT 


0 LIBFIC INV ■ NODECK 
: SUBROUTINE INV£RTIX,N) 

2 INTEGER •, ■ ■ 

5 'SVOO iOl- 

4 IFCXI IfNI-EQ-lTGO TO 102 

T’'-.' ' X{UN)-»l • 

GO TO 101 
KII,NI=0 

^^...eONTINUE . 

|■:V'’;:';'■p/iETURN ■■ 

""f<> '^^ENO ^ i 

' ; U ■R’rcr"':, 

jS { ' , 

'^1 r-fi 

h 


w* 



SHii 









iH\ 




OURCe STATEMENT 


iliiFrC CALC ' NODECK 


la 202: , 

Ifr , ^ 'B 6 20'3 ' . :'' 

“I#:. ' '^03' . CUT *2f G 1 1 J'J ■ - •■ 

vV/:*' oeciu^cur ' V' 

1 ■ *^00 ' 20 1 U,« I » 1 0 

, : ■; • i f t oeci i j pNgftCCiiEa u j > go to 201 


CdWTINte rlS 
IEcn.nIuCI 
PRINT 

*N6.< KEY#/1 


||AMEtNUNUKEY(MJ 

A^/ }■' ' '■" 


oOi 


f f* j 

I S'* 


FORTRAN SOURCE LIST 


■''SUBROUTINE CALCIY) 

.■ INTEGER Y«26.'5UCU6U0eC(26) ,SAVE(16) ,CG0E2ao) 
^ '‘^aiMEHSlON NAMEt26l,TEMP(26,5UTKSUl6),NUKcY(10| 
COMMON. NAME*TEMP,C0DE2,NUKEy 
N »0 

DO 201 I»l,26 
‘i'^00 202 J=l,5 ■ 


♦TELEPRINTER C00E»»5X,*0RIGINAL KEY*f5X, 


I 

I 
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APPMDIX 


CIRCUIT DETAILS 


B.1 Gsited Astable 

The circuit' of 1iie gated astable is shown in figure E.1 .1 . 

It is a nonnal astable circuit which has been forced to start 



transistor T5 in series with the emitter of T1 . When the gate input 


to T3 is such that T5 is OHP, then T1 is ORP and T2 is OH; and the 


circuit is quiescent (not oscillating), ^en the gate input drives 
T3 into saturation, T1 goes OH and due to regenerative feedback T2 goes 


OTT. Bie circuit now oscillates like a normal astable till the gate 


diodes and the two resistors have been added to give 


waveforms with vertical edges 


>UeGtc£r fells immediately to —V so that Dl is reverse— biased and 


goes into saturation* The saturation base current of T2 passes 


through C and Ri rather than through R . Hence the collector output 


waveform has . vertifical edges 


is chosen to ensure saturation of 


conduct 


HB(G)H) 


Thb period, for wbich either transistor is cut off (in the case 

of symmetrical square wave output) is given by; 

^^CC ® ~ \ - T 


in 


CBO 


GE(Sat) ~ ^BB(Qg) ~ 


V +• I E - V 
cc ^ -"cBO V 


(e.2) 


v^ere the ^bols are explained before. In the present case, using 
2N995 (pnp) transistors 

V 


cc 


R, 


CBd 


V 


CE(sat) 


= -6V 

= 1.5m 

1 |IA 

= -G,2V 


V. 


BE(OKr) 

min 


V. 


= -0.957 
= 20 
= -0.57 


Using (e. 1 ), 


E _ 20 X X 0.950 KXI 


= 18.65 Kfl 

In terms of standard components, 

R = 15 KSi, 

Using (e. 2 ), 

= RC In -10.564 
OFF _5.5^5 

= 0.664 RC 

using relations (E.3) and ( 15 . 4 ) we can adjust H and 0 for desired 
periods. 


(E.3) 


(e.4) 



E.1.1 50' j C/S Astable 


10 m sec 


Choosing 


R = 7.5 kO- to ensiire satiaration 


G = 2.0 

The circuit used is shown in figure E.1.3. The 3.3K 
potentiometer is used to adjust the jBriod accurately. 

E.1.2 10 K G/g Astable 


Choosing 


50 IX sec 


15 Kil 


c = 0.005 

The circuit is ^own in figure E.t-4. . 

E.2 Teleprinter Drive Circuit 

!Sie circuit is illustrated in figure E.2. The Teleprinter 
Receive ELectiPmagnet requires 20 - 60 mA drive throu^ a parallel 
combination of two coils, 240 impedance each. 

The first stage helps to adjust Ihe levels of the incoming 
signal to proper values so -ftiat bidirectional signal input is available 
at the ccsnmon base lead of the compLementary pair. During a positive 
transition, T1 provides the drive, thraui^ thf. coils thus accounting 
for a SPACE signal; and during a negative input 




transition thus accounting for a MARK signal. Complementary pair 
of transistors, 2133904 (npn) and 2133906 (pnp) ensure symmetrical 
bidirectional output. 

E»3 Other Clrciiits 

Ihe following are the basic modules used in the system. 

1 . Hip flops 

• 2. Single diets 

■ 5. Invertors 

4. irOR-gates 

The circxiits are illustrated in figures E3A through B.3D. 
Details of the circuit design are given in Reference. 3*' 











